Demir EA, Tutuk O, Dogan H, Egeli D, Tumer C. Lecture attendance improves success in medical physiology. Adv Physiol Educ 41: 599 -603, 2017; doi:10.1152/advan.00119.2017.-The educators have underlined the importance of lecture attendance for decades. Nowadays, students have ample online educational sources, which began a debate on the necessity of in-class lectures. In the present study, we investigated the influence of lecture attendance on the exam success. To this aim, we adopted a novel approach and matched second-year medicine students' answers in three interim exams with the lectures related to those questions. Thereby, we were able to evaluate if attending lectures increases the chance of giving a correct answer to the exam question generated from the attended lecture. Furthermore, we examined students who had never taken the course before (first-time takers) and students who had failed and repeated the course (repeat takers) separately, since repeat takers may have attended a lecture previously. We found that first-time takers attended more lectures and gained higher total scores than repeat takers. Lecture-matched correct answers were significantly higher for attended lectures than for skipped lectures in all interim exams. Moreover, the correlation analyses revealed that the number of correct answers increases by lecture attendance in both first-time and repeat takers. These results indicate that in-class lectures still should be considered as an essential part of the medical physiology education, even in the internet era.
INTRODUCTION
The parts of information are received by students through one or more of the information exchange modalities, according to Fleming (4) . These modalities, which are abbreviated as "VARK," are, respectively, visual, aural, reading, and kinesthetics (4) . In a classroom, a student has a chance to employ almost all of these modalities. However, in-class education requires adhering to a schedule and keeping an undistracted mind throughout the lecture. For this reason, several institutions have implemented virtual learning environments as a supplement to their traditional educational methods (18) . The virtual learning environment allows students as well as instructors to ask about, answer, and discuss a given topic. Furthermore, they have been shown to sustain high satisfaction rates for both students (18) and instructors (17) . Although medical students do not perceive e-learning platforms as a replacement for in-class education (17) , Prober and Heath (16) from the Stanford Medical School, proposed a "lecture-less" classroom for biochemistry and supposed that exchanging lectures with "short online videos" would be more effective, since this approach provides students with more time for interactive discussion. Moreover, they underscore an increase in lecture attendance, in which there is actually no lecture in a conventional manner, from 30% to 80% with their novel way. A lecture-less classroom does not mean leaving students completely on their own: the role of an instructor is to discuss parts of the lecture that were introduced by online videos in advance, rather than to teach the whole lecture in the classroom. To some extent, we believe that this is comparable to the learning method of nonattending students in our medical school, where students are usually permitted to voice record in lectures. These nonattending students listen to the recordings while simultaneously following lecture presentations, and thereafter use office hours of instructors to discuss and ask about the self-studied lectures.
We recently administered a Likert-like questionnaire to find out perceptions of students on the necessity of lecture attendance for learning physiology, and, strikingly, 40.3% of the students replied that they can learn physiology from voice recordings, lecture presentations, and/or online sources without an in-class lecture (unpublished observations). The questionnaire led us to consider our traditional in-class teaching method. However, we first had to see if the subjective perceptions of the students are consistent with the objective exam results. Therefore, we investigated the influence of lecture attendance to the success of the second-year medical students in the physiology class.
METHODS
The data from a total of 235 second-year medical students (overall population) were included in the study. Of those, 150 students (67 women and 83 men) were first-time takers (students who had never taken the course before), and 85 (29 women and 56 men) were repeat takers (students who had failed and repeated the course), forming two discrete cohorts. The scores of three interim exams and correct or false answers for each physiology question were recorded. A lecture attendance chart was created, corresponding to each lecture content. The questions and related lectures were matched. Thereby, we were able to see if a student responded to a question correctly that was related to an attended or skipped lecture. A total of 44 questions were designed out of 47 h of lectures in the interim exams. The exams covered chapters from muscle and peripheral nervous system, gastrointestinal system and metabolism, and central nervous system. The data were tested for normality and homogeneity, and the differences for lecture attendance and correct answers between sexes were compared by using Student's t-test, whereas Mann-Whitney U-test was used for comparing number of correct answers given for a question related to an attended or unattended lecture. Spearman's correlation test was performed to find out any correlation between correct answers and lecture attendance. The parametric data are presented as means Ϯ SE, whereas nonparametric data are presented as median and 25th to 75th percentiles (Q1-Q4). The analyses were carried out with Graphpad Prism version 7.0 (La Jolla, CA). The statistical significance was considered to be P Ͻ 0.05.
The written consent (15/06/2017-E.35420) by the administrative authority of the Faculty of Medicine, Mustafa Kemal University, was provided for retrospective data acquisition and analysis.
RESULTS
The median of correct answers for overall population was 29 (Q1-Q4 ϭ 25-33), and the success rate (the ratio of the correct answers to the total questions) was 65.9%. The median of correct answers for first-time takers was 30 (Q1-Q4 ϭ 26 -34), whereas it was 28 (Q1-Q4 ϭ 23-32) for repeat takers. The median of the lecture attendance for overall population was 22 (Q1-Q4 ϭ 12-32), which corresponds to 46.8% of all lectures. The descriptive statistics are shown in Table 1 .
The number of attended lectures was nonsignificant sex-wise in first-time takers (Student's t-test; P ϭ 0.19). Also, there was no difference in the number of correct answers sex-wise in first-time takers (Student's t-test; P ϭ 0.95). However, in repeat takers, women had significantly higher lecture attendance (Student's t-test; P Ͻ 0.01), although there was no significance for correct answers between sexes (Student's ttest; P ϭ 0.38) (Fig. 1) .
As depicted in Fig. 2 , comparisons between cohorts (firsttime vs. repeat takers) for the lecture attendance and number of correct answers showed that first-time takers attended significantly more lectures and got more correct answers than repeat takers (Mann-Whitney test; P Ͻ 0.01 and P Ͻ 0.01).
We also tested whether the students had more correct answers for the questions related to the lectures they had attended. Interestingly, first-time takers had significantly more correct answers for the questions generated from attended lectures than from skipped lectures (Mann-Whitney test; P Ͻ 0.1 for each exam). A similar significance was also found in repeat takers (Mann-Whitney test; P Ͻ 0.1 for first and second exams, and P ϭ 0.03 for third exam) (Fig. 3) . Therefore, we inquired if there was a correlation between the lecture attendance and the number of correct answers. Strikingly, the analyses showed that correct answers correlatively increase by the number of attended lectures in both first-time takers (Spearman's correlation, r ϭ 0.251, P Ͻ 0.01) and repeat takers (Spearman's correlation, r ϭ 0.223, P ϭ 0.04), although it was slightly weaker, but yet reliable, in repeat takers ( Table 2) .
DISCUSSION
Indeed, nonattendance is not a lately emerged problem, and the necessity of compulsory attendance is not a recently sprung up topic of debate. According to a 1986 report from the University of California-Berkeley, which is the address of many Nobel prize laureates, including one in physiology/ medicine, 79% of the faculty members have reported concerns about poor lecture attendance (21) . Despite this concern, Thompson et al. (19) have asserted that the optional attendance policy has no effect on academic success in medical physiology. However, more than one-half of the students did attend 90% of all-optional medical physiology classes, and ninetenths showed up for more than 70% of lectures. A study on microbiology class emphasized that the highest attending students had the highest scores (9) .
Following this brief historical overview, we shall see what the situation is for the students of the internet era. Nowadays, many universities are offering virtual learning platforms from which a student can follow lectures while enjoying the comfort of her/his home (18) . Some of these platforms allow live broadcasting, as well as watching on-demand lecture videos. For the schools that implemented such a platform, assessment of the efficacy of in-class lectures may be trivial, but, in our case, where students have no chance of using virtual platforms in the medical school, physical existence in the class is the only way to take the lecture. Attendance of at least 70% of the lectures is so-called mandatory in our school (14) . Nevertheless, our results show attendance rates that are far less than expected, probably because the attendance is not monitored strictly, although it is recorded precisely. We did not observe any difference between women and men in lecture attendance for students who took the class for the first time. However, male repeat takers significantly attended fewer lectures than their female counterparts. We excluded the probability of "clash of academic priorities" noted by Woodfield et al. (22) , since the one-year schedule is prepared and announced before the beginning of the semester to avoid overlap. However, it is still possible that the students who had previously attended a lecture preferred self-studying to other classes. Wyatt (23) has stated that absenteeism is positively associated with parental income in the Emporia State University. We hypothesize that, in our case, in which the graduate education is tuition free, a contrary relation may exist. Considering the 6-yr-long medicine education, repeat takers who have less parental financial support may need to work to pay life expenses. Unfortunately, we are not aware of any documented data regarding working students in our school yet. When two cohorts are compared without taking sex as a variable, first-time takers attended significantly more lectures and gained higher scores than repeat takers. This may simply be explained by the argument that repeat takers are already underachieving students, and their absenteeism contributes to their failure, but that kind of explanation would be erroneously superficial. Academic failure is a source of stress, and the stress is interrelated with poor academic performance (3). The study by Heins et al. (7), in which they compared stress measures between medical, law, psychology, and chemistry students, has shown that medical students are spending less time with friends than other inspected students, even though they mostly search for support from classmates after their families or spouses. Besides, Ko et al. (12) have reported that medical students are significantly more stressed than law students, and friends or classmates are the primary support source for the students. Considering the contagious nature of affective states (10, 20) , here we have the vicious cycle: stressed students are hoping for help from other stressed students. One can easily assume that these students cannot aid each other, but worsen the situation. So, who else may assist? Returning to the study by Heins et al. (7), we can see counselors are the third-ranked source of help, followed by professors. Therefore, both faculty administration and educators should focus on repeat-taker students rather than ignoring and devaluating them.
The literature is impregnated with reports stressing a positive correlation of exam scores with the lecture attendance (or negative with absenteeism) (1, 5, 6, 13, 15, 22) . Cortright et al.
(2) have defined lecture attendance as a predictor of academic success, which is better than college admission test scores, learning skills, and studying time. However, data, particularly for the medical physiology class, are relatively limited. Nevertheless, previous physiology-centered studies revealed that academic success is positively or negatively correlated with attendance (8) or absenteeism (6), respectively, even though the correlations were not strong. Kaddam and Elnimeiri (11) mentioned that higher attendance is related to higher success. According to our results, both first-time and repeat-taker students had significantly more correct answers in exams, if they attended the lecture. It should be noted that we have adopted a novel method for assessing the relation between attendance and scores. Rather than using total exam scores as a comparison variable to total amount of attendance, we have matched each question with students' attendance of the lecture related to the question. Thereby, we evaluated the usefulness of each lecture by comparing the correct answers for attended or skipped lectures. To the best of our knowledge, no previous studies have used our approach, which we believe better reflects the influence of attendance. Furthermore, we examined first-time and repeat takers separately, considering that the repeat takers may have attended a lecture and encountered a similar question previously. Nonetheless, attending a lecture previously seems to be inefficacious to getting greater scores, probably owing to the low attendance rates of repeat takers. The correlation analysis in our study showed that the success in the medical physiology class increases correlatively with the lecture attendance in both first-time takers and repeat takers. The correlations were weak, but valid and reliable for both cohorts of students.
Conclusively, the present study demonstrated that the students who attend an in-class lecture have a greater chance of giving a correct answer to questions related to the attended lecture. Even though the methodology of this study does not divulge a causative relation, the results showed that attending lectures increases the success in medical physiology, regardless of being a first-time or repeat taker. Therefore, taking the merits of attending lectures into account, we suggest that faculties should encourage students to attend lectures and should precisely record and monitor attendance rates. Of particular importance, we strongly suggest that the students repeating the class should be given more attention and more opportunity to reach counselors. Finally, students should be kept away from the misbelief of disorganized and unapproved online sources being enough for learning medical physiology.
Limitations. Although the present study emphasizes the importance of lecture attendance for the success in medical physiology, there are enormous intervening factors, such as age, marriage, socioeconomic status, cultural features, personality, and diseases. Since archival data were used in this study, we could not scrutinize the reasons for absenteeism, which might provide an understanding of the relation between success and avoidable absences. Also, we did not have any data about whether repeat takers attended the lectures previously, which might offer stronger correlation analyses.
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